Purified preparations of the tRNA methylase deficient in supK strains of Salmonella typhimurium transfer methyl groups from S-adenosylmethionine (SAM) to at least two tRNA species, an alanine tRNA and a serine tRNA. The identity of the tRNA substrates for this enzyme was determined by a change in the elution position of the methyl-labeled tRNA from BND-cellulose columns before and after aminoacylation with a specific amino acid followed by derivatization of the free primary amino group with phenoxy-or naphthoxyacetate. The radioactive methyl group enzymatically added to these tRNAs is both acid and base labile and can be hydrolyzed to a volatile product at pHs above 7.5 and also at pH 1. The methylated 3'-nucleotide isolated from digested tRNA is a pyrimidine derivative and chromatographs like a modified uridylic acid. Its identity has not been established, but it is likely that it corresponds to the methyl ester of V, uridin-5-oxyacetic acid.
INTRODUCTION
The supK strains of Salmonella typhimurium were first isolated by their suppressor activity for the nonsense codon, UGA.
Later they were reported to be deficient in a single tRNA methylase. This deficiency results in the undermethylation of transfer RNA, and it has been suggested that the UGA suppressor activity observed in these strains is due to one or more undermethylated tRNAs. ' Frameshift suppression has also been observed in supK strains, and similar explanations have been presented to account for this type of suppression.
The identification of the tRNA species and the nucleoside within these tRNAs that act as substrates for the supK methylase is critical for understanding the mechanism of translational suppression. We have isolated and purified the supK methylase and are able to specifically methylate tRNA .in vitro with this enzyme. '
Q
We report here the use of the procedure of Gillam e_t al.
to identify two tRNAs that accept methyl groups using the purified methylase. One is an alanine tRNA, the other a serine tRNA. The methylated nucleotide within these tRNAs has the interesting property of being both acid and alkali labile, and even at pH 7.S the methyl group is slowly hydrolyzed from g the tRNA. Recently Lesiewicz and Duddock have reported a similar methylated product in Escherichia coli alanine tRNA which they tentatively identified as the methyl ester of V, uridin-5-oxyacetic acid.
In this report we describe some of the properties of this unusual methylated nucleotide.
MATERIALS AND METHODS
The methods for the preparation of the purified tRNA methylase and unfractionated tRNA from S_. typhimurium LT2
(wild type) as well as the assay for the supK methylase were described by Pope and Reeves. These methods are modifications of the earlier procedures of Reeves and Roth.
Batch Methylation of tRNA. Approximately 100 A -^Q units (5 mg) of unfractionated tRNA were methylated with H-methyl-S-adenosylmethionine (Amersham/Searle) using 2 yg of purified supK tRNA methylase. The»tRNA was previously incubated at pH 9.0 for 2 hr at 37°C to deacylate the tRNA and to remove methyl groups added jin vivo by the supK tRNA methylase. The methylation reaction was carried out at 37°C in a total volume of 2.5 ml containing: 40 mM KH^PO. , pH 7.5, 4 mM MgCl-, 2 mM L-methionine and 20 pM H-methyl-S-adenosylmethionine (250 Ci/mole). The extent of methylation was followed by measuring the trichloroacetic acid (TCA) precipitable radioactivity as described by Reeves and Roth. After 60 min the pH was lowered to 5.0 and the tRNA was recovered by DEAE-cellulose chromatography.
Aminoacylation and derivatization of the methyl-labeled tRNA.
The aminoacylation of the tRNA was carried out as described by Reeves and Roth, except that as many as 6 amino acids were used in one reaction mixture. The final concentration of each amino acid was 40 yM. One C-labeled amino acid (50 Ci/mole, Schwartz/Mann) was added to each group, and the reaction was carried out for 30 minutes. Using this procedure the tRNA is saturated with all amino acids tested except glycine which is esterified more slowly. The methyl-labeled, aminoacylated tRNA was recovered from the reaction as previously described.
The aminoacylated-tRNA was derivatized with either napth- Chromatography of the methylated nucleotide. Thin layer chromatography was performed on cellulose TLC sheets (Eastman Chemicals) in the solvent systems described in Table I . The Table 1 . R^ values of the unknown (N) and major nucleosides and 3'-nucleotides. C-alanine or 14 C-serine as described in Materials and Methods, After derivatization with phenoxyacetyl groups, the tRNA was chromatographed on BND-cellulose as described ( Fig. 1 and Materials and Methods). A. methyl-labeled, phenoxyacetylalanyl-tRNA; o-o , 3 H-methyl; » > , 14 C-alanine B. methyllabeled, phenoxyacetylseryl-tRNA; o -o , ^H-methyl; a v , 14 C-serine.
away from the HS peak, and with serine ( Figure 2B ) 381 is shifted. After correcting for methyl-labeled tRNA that elutes in the HSE region prior to aminoacylation (19%) we find that 341 of the methylated tRNA is alanine tRNA and 191 is serine tRNA. We have estimated that per A 2 6 0 unit of crude tRNA there are 170 pmoles of methyl accepting sites (see below). Thus in 1 A 2 6 Q unit of crude tRNA (about 1750 pmoles tRNA) rises to 150 pmoles per A 2 6 Q unit ( Figure 5A) . Thus, the same procedure used to strip tRNA of amino acids can be used to remove this specific methyl group. We have found that storing tRNA at pH 7.5 at -20°C does not prevent loss of the methyl group. Jn vitro methyl-labeled tRNA slowly loses radioactivity upon storage, and the methyl acceptance of stored tRNA slowly increases ( Figure 5B ). Figure 5 . The increase of methyl acceptance of tRNA stored, at pH 7.5. A. A sample of tRNA prepared and stored at pH 7.5 was incubated at 37°C in 10 mM MgCl 2 , 10 mM Tris-HCl, pH 7.5. Samples were removed at the times indicated and assayed for methyl acceptance. B. A sample of tRNA prepared at low pH to preserve in vivo added methyl groups was stored frozen in 10 mM MgCl?,~T0 mM Tris-HCl pH 7.5. At various times samples were thawed and assayed for methyl acceptance with the purified supK methylase. Note that in both A and B, the pmoles of methyl group incorporation per A26O unit of tRNA approach the same level. In tRNA , , from E. coli the RNAse ala 1 --j-Tj- 17 T, fragment containing V is a pentanucleotide. ' This is also t R N A s also true for the V-containing RNAse T, fragment from 19 ser r Table I summarizes the chromatographic mobilities of the nucleotide and the nucleoside in various solvent systems. Two-dimensional thin layer chromatography of the 3'-nucleotide was also performed in the system described by Nishimura.
Using this system only a short run in solvent II can be performed due to its low pH. A single radioactive spot appears on the chromatogram just overlapping Cp in the same relative position as 5-methylaminomethyl-2-thiouridylic acid, s U*p (Figure 1, ref. 10 ).
DISCUSSION
We have identified two tRNA species, an alanine tRNA and a serine tRNA, that act as substrates for the supK tRNA methylase. The methylated nucleoside in these tRNAs appears to be a methyl ester of a uridine derivative. In both tRNAs this is probably V or the V-like nucleoside reported to be in the wobble position of their a n t i c o d o n s .
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Since the supK mutants of J5. typhimurium are deficient in this methylated nucleoside, and such mutants are slow growing and suppress the UGA triplet, this methyl group appears to be critical for proper codon-anticodon recognition. Of the two tRNA species that have been identified, seryl-tRNA would be the likely choice for the tRNA species that incorrectly pairs with the UGA nonsense triplet. One codon for serine, UCA, is related to UGA by one base change.
There is probably one other tRNA species that is an acceptor of methyl groups. On BND-cellulose chromatography there is a methylated tRNA that elutes in the ethanol con-4 taining buffers.
A second, small peak of methylated tRNA is also apparent on RPC-5 column chromatography ( Figure 3) which elutes much later than the main peak. In £. coli there also appears to be at least three tRNA ^pecies which accept an alkali-labile methyl group (B. Dudock, personal communicag tion) and one of these has been identified as alanine tRNA.
